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INTRODUCTION 

The  purpose  of  the  research  carried  out  in  the  first  year  of  this  project  was  to  develop  a  system  to 
express  the  therapeutic  genes  cytosine  deaminease  (CD)  and  somatostatin  receptor  (SSTr2)  in  localized 
and  disseminated  prostate  cancer  cells  with  sufficient  selectivity  for  cancer  gene  therapy.  The  specificity  of 
these  vectors  for  prostate  cancer  will  be  improved  by  combining  transductional  targeting  of  Ad  with  the 
target  cell-specific  expression  of  the  therapeutic  gene.  This  will  be  achieved  by  utilizing  the  tumor-specific 
promoter,  cyclooxygenase-2  (COX-2),  to  drive  the  transcription  of  the  SSTr2  and  CD  genes.  By 
employing  this  double  targeting  maneuver,  we  expect  to  achieve  a  much  higher  level  of  vector  specificity: 
cell  killing  would  only  occur  as  a  result  of  two  independent  events  —  cell  infection  and  transgene 
expression.  Although  both  events  are  not  perfectly  tumor-specific,  their  combination  will  lead  to  a  desired 
synergistic  effect  of  specificity.  In  other  words,  if  the  vector  randomly  infects  non-target  (normal)  cells,  the 
cell  killing  will  not  take  place,  since  the  SSTr2  and  CD  expression  will  be  limited  primarily  to  prostate 
tumor  cells.  The  liver  is  the  predominant  site  of  Ad  vector  localization  after  systemic  administration,  and  as 
a  consequence  is  at  risk  when  Ad  vectors  containing  suicide  genes  such  as  CD  ectopically  localize  to  this 
site.  Thus,  a  promoter  with  both  tumor  specificity  and  minimal  transcriptional  activity  in  hepatocytes  would 
be  ideal  for  cancer  gene  therapy.  The  hypothesis  of  the  grant  was  that  the  COX-2  promoter  is  a  promising 
candidate  tumor-specific  promoter  for  prostate  cancer,  since  it  reveals  low  hepatic  activity  and  toxicity,  and 
shows  high  tumor  activity  in  established  cell  lines.  Combined  with  the  targeted  Ad  vectors  described  in  the 
application,  the  COX-2  promoter  may  be  an  ideal  candidate  tumor-specific  promoter  for  GRITS/molecular 
chemotherapy  of  disseminated  hormone  refractory  prostate  cancer, 

BODY 

Specific  Aim  1  of  the  grant  was  to  develop,  validate,  and  evaluate  genetically  modified  Ad  vectors 
that  will  increase  expression  levels  of  both  SSTr2  and  CD  in  the  context  of  localized  and  metastatic  prostate 
cancer  compared  to  our  first  generation  AdSSTr2  and  AdCD  vectors.  Thus,  the  goal  of  the  first  year  of 
support  was  to  develop  a  novel  class  of  vectors  for  prostate  cancer  that  embody  design  features  predicating 
their  superior  utility  for  the  achievement  of  effective  delivery  of  SSTr2  for  radioligand  therapy  and  CD  for 
molecular  chemotherapy. 

The  vectors  that  we  developed  were  tested  for  magnitude  of  expression  employing  membrane 
receptor  binding  in  vitro.  Binding  studies  were  performed  to  demonstrate  receptor  expression  on  infected 
human  tumor  cell  lines.  Expression  of  CD  in  DU145  and  PC-3  prostate  cancer  cells  after  infection  with 
the  genetically-modified  Ad  vectors  was  accomplished  using  5-FC  to  5-FU  conversion  assays  as  described 
in  our  publications  A  2 

Several  new  Ad  vectors  expressing  CD  and  SSTr2  were  produced  using  both  long  (L)  and  medium 
(M)  length  COX-2  promoters  as  follows:  AdCOX-2MSSTr2COX-2MCD,  AdCOX-2MCDCOX- 
2MSSTr2  AdCOX-2LCDCOX-2LSSTr2,  AdCOX-2LSSTr2COX-2LCD,  AdRGDCOX-2LCDCOX- 
2LSSTr2  and  AdCOX-2LCDIRESSSTr2.  In  addition,  the  single  gene  vectors  expressing  SSTr2 
(AdCOX-2LSSTr2  and  AdCOX-2MSSTr2)  and  CD  (AdCOX-2LCD,  and  AdCOX-2MCD)  were 
produced.  A  control  Ad  expressing  luciferase  under  control  of  the  COX-2L  promoter,  AdCOX-2LLuc, 
was  used  as  a  control. 

These  new  vectors  expressing  CD  and  SSTr2  were  first  tested  for  SSTr2  expression  against  MKN- 
289  gastric  and  MIA  PaCa-2  pancreatic  cell  lines  known  to  express  COX-2  by  our  previously  published 
internalization  assay  in  which  Ad  infected  cells  are  incubated  with  99mTc-P2045  (P2045  is  a  peptide  which 
binds  to  SSTr2)  and  imaged  5  min  (Figure  1)  after  addition  of  the  radiolabeled  peptide  and  20  min  later 
after  removing  the  excess  peptide  and  stripping  the  SSTr2  bound  to  the  surface.3’  4  The  Experimental 
Protocol  appears  on  pages  7  to  12  of  this  report.  As  shown  in  Figure  2,  MKN-28  and  MIA  PaCa-2  cells 
infected  with  AdCOX-2MSSTr2COX-2MCD  and  AdCOX-2LCDCOX-2LSSTr2  both  resulted  in 
internalization  of  "mTc-P2045  similar  to  that  observed  with  AdCOX-2LSSTr2  and  AdCOX-2MSSTr2. 
Binding  of  "mTc-P2045  was  blocked  by  the  addition  of  excess  unlabeled  sandostatin  which  binds  to 
SSTr2. 

The  new  vectors  expressing  CD  and  SSTr2  were  next  tested  to  determine  their  conversion  of  5-FC 
to  5-FU  following  infection  of  DU145  and  PC-3  human  prostate  cancer  cell  lines  using  the  protocol 
presented  on  page  13  of  this  report.  The  results  are  presented  in  Table  1.  They  indicate  that  AdCOX- 
2LCDCOX-2LSSTr2  and  AdCOX-2LSSTr2COX-2LCD  produced  a  higher  level  of  conversion  of  5-FC  to 
5-FU  in  DU145  and  PC-3  cells  than  AdCOX-2MSSTr2COX-2MCD.  Furthermore,  the  two  gene  vectors 
AdCOX-2LCDCOX-2LSSTr2  and  AdCOX-2LSSTr2AdCOX-2LCD  produced  levels  of  conversion  that 
were  similar  to  the  single  gene  vectors  AdCOX-2LCD  and  AdCOX-2MCD,  but  were  somewhat  lower  than 
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AdCMV CDSSTr2  and  substantially  lower  than  AdCMVCD.  These  results  support  earlier  ones  that  the 
CMV  promoter  is  stronger  than  the  COX-2  promoter,  although  less  specific.  The  conversion  results  are 
plotted  in  Figures  3  and  4. 


Table  1.  Conversion  of  5-FC  to  5-FU  in  pmol/min/mg  ±  SD 
measured  over  a  1  h  period  after  infection  of  DU145  and  PC-3 
human  prostate  cancer  cell  lines  with  100  MOI  of  each  virus. 


Vector 

DU145 

PC-3 

Uninfected 

0.00 

0.00 

AdCOX-2LCDCOX-2LSSTr2 

2.95  ±0.18 

1.21  ±  0.30 

AdCOX-2LSSTr2COX-2LCD 

2.51  ±  0.24 

0.87  ±  0.06 

AdCOX-2MS  STr2COX-2MCD 

1.45  ±0.14 

0.68  ±0.16 

AdCMV  CDSST  r2 

7.53  ±  0.30 

2.46  ±  0.24 

AdCOX-2LCD 

2.06  ±0.16 

0.98  ±  0.04 

AdCOX-2MCD 

2.10  ±0.11 

0.70  ±0.15 

AdCMVCD 

25.64  ±  1.25 

8.06  ±  0.42 

AdCMVSSTr2 

0.04  ±  0.97 

-0.02  ±  0.04 

In  the  next  set  of  studies,  we  evaluated  the  cytotoxicity  of  the  new  vectors  after  infection  of  DU  145 
and  PC-3  cells  with  10  MOI  (plaque  forming  units/cell)  of  virus.  At  24  h  after  infection,  the  cells  were 
seeded  at  5,000  cells/well  and  exposed  to  varying  concentrations  of  5-FC.  Cell  viability  was  assessed  by 
the  MTS  assay  (Celltiter  96  AQ,  Promega).  The  results  are  shown  in  Figures  5-8.  The  IC50  values  for 
these  cell  lines  are  shown  in  Table  2.  The  results  indicate  that  AdCOX-2LCDCOX-2LSSTr2  and 
AdCOX-2LSSTr2COX-2LCD  produced  greater  cytotoxicity  than  AdCOX-2MSSTr2COX-2MCD.  In 
addition,  these  two  vectors  under  control  of  the  COX-2L  promoter  produced  greater  cytotoxicity  than  the 
single  gene  vector  AdCOX-2LCD.  Furthermore,  infection  with  100  MOI  of  virus  resulted  in  greater 
cytotoxicity,  although  the  level  of  viral  cytotoxicity  without  5-FC  also  increased  (data  not  shown).  The 
cytotoxicity  and  conversion  results  presented  above  both  show  that  the  COX-2L  vectors  were  more 
effective  than  the  COX-2M  vector. 


Table  2.  Cytotoxicity  of  Ad  infected  DU145  and  PC-3  human 
prostate  cancer  cells  (10  MOI)  exposed  to  5-FC  expressed  as  IC50. 

Vector 

DU145 

PC-3 

Uninfected 

202.62 

514.52 

AdCMVCD 

171.67 

101.38 

AdCOX-2LCD 

45.99 

122.42 

AdCOX-2LCDCOX-2LSSTr2 

13.05 

24.47 

AdCOX-2LSSTr2COX-2LCD 

21.35 

30.39 

AdCOX-2MCD 

107.45 

200.90 

AdCOX-2MCDCOX-2MSSTr2 

ND 

ND 

AdCOX-2MSSTr2COX-2MCD 

104.28 

77.01 

In  the  coming  year,  we  will  determine  the  capability  of  the  newly  derived  vectors  to  achieve  tumor 
receptor  expression  in  a  local  in  vivo  prostate  cancer  tumor  model  after  intratumoral  delivery  of  the  vector. 
The  transduction  of  the  tumor  nodules  will  be  evaluated  by  radiolabeled  peptide  uptake  in  the  tumor  and 
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other  normal  tissues.  We  will  also  begin  to  evaluate  therapeutic  efficacy  using  the  newly  derived  vectors  in 
combination  with  5-FC  and  radiation  therapy. 

KEY  RESEARCH  ACCOMPLISHMENTS 

•  Produced  several  new  Ad  vectors  expressing  SSTr2  and  CD  under  control  of  COX-2  promoters. 

•  Validated  the  expression  of  SSTr2  and  CD  in  infected  tumor  cells. 

*  Determined  the  conversion  of  5-FC  to  5-FC  in  prostate  cancer  cells. 

*  Demonstrated  cytotoxicity  of  prostate  cancer  cells  infected  with  new  Ad  vectors  expressing  CD  and 
exposed  to  5-FC. 

REPORTABLE  OUTCOMES 

Developed  six  new  Ad  vectors  expressing  SSTr2  and  CD. 

CONCLUSIONS 

The  results  generated  to  date  indicate  that  the  new  vectors  developed  result  in  the  expression  of  SSTr2  and 
CD  in  infected  cells,  that  prostate  cancer  cells  infected  with  the  new  Ad  vectors  were  killed  following 
exposure  to  5-FC,  and  that  the  COX-2L  promoter  results  in  higher  SSTr2  and  CD  expression  than  the 
COX-2M  promoter.  These  new  vectors  show  potential  for  selective  expression  of  SSTr2  and  CD  in 
prostate  tumor  xenografts  in  comparison  to  liver  which  is  COX-2  negative.  Animal  model  biodistribution 
studies  with  radiolabeled  peptides  that  bind  to  SSTr2  will  be  carried  out  in  localized  and  metastatic  prostate 
cancer  models  infected  with  the  most  promising  new  Ad  vectors  in  year  2  of  the  project.  In  addition, 
therapy  studies  in  a  localized  prostate  tumor  model  will  be  carried  out  with  administration  of  5-FC  and 
external  beam  radiation  in  year  2  to  demonstrate  that  the  vectors  are  active  in  vivo  and  to  select  the  best  one 
for  development  against  disseminated  tumors  in  year  3. 

ABBREVIATIONS 

Ad  adenoviral 

CD  cytosine  deaminase 

COX-2  cyclooxygenase-2 

CMV  cytomegalovirus 

5-FC  5-fluorocytosine 

5-FU  5-fluorouracil 

GRITS  Genetic  Radio-Isotope  Targeting  Strategy 

SSTr2  somatostatin  receptor  subtype  2 
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Step  9:  Add  0.3  mL  1  M  NaOH  to  each  well.  Image  all  plates  (20  min)  after  adding  first  0.3  mL 
aliquot.  Put  NaOH  solution  in  vials  for  counting.  Rinse  wells  with  0.3  mL  1  M  NaOH. 


Mixing  Reagents 


No  other  stock  solutions  are  needed 


Summary  of  Cell  Treatments  in  Plates  (all  in  duplicate) 
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-/+  refers  to  addition  of  unlabeled  P2045 


Step  2: 
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Indicated  Wells  get  0.3  mL  Intern.  Media 
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Step  4: 
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CD  conversion  assay 
Part  1: 

•  Infect  cells  with  vims  of  interest  (AdCD,  AdCDSSTr2,  AdElaCD  etc.)  in  a  25 
cm"  flask  (1.2e6  cells  seeded  day  prior  to  infection)  for  2  hrs,  aspirate  virus  and 
feed  back;  also  include  uninfected  cells 

•  After  48  hr  (or  desired  time  post-infection),  wash  with  PBS.  trypsinize  and 
resuspend  the  cells  in  50jiL  CD  lysis  buffer;  freeze  at  -20°C 

Part  2: 

•  Lyse  the  cells  by  freeze-thawing  (thaw  slow  (RT)/freeze  fast  (dry  ice/ETOH))  8X 

•  Centrifuge  at  14000  rpm  @  4°C  for  5  min  to  pellet  cell  debris 

•  Put  supernatant  into  a  new'  tube  and  dilute  some  in  PBS  to  run  protein  assay  (1:25 
dilution),  freeze  remainder  at  -20°C 

Part  3: 

•  Warm  up  samples,  CD  lysis  buffer;  5FC  at  56°C 

•  make  up  95%  Ethanol 

•  Dilute  [3EQ  5FC  (1:20)  in  TE  buffer  (will  need  140uL  per  sample) 

•  Set  up  tubes  in  duplicate  with  the  desired  amount  of  protein  (10-50p.g)  for  each 
time  point:  0,  5, 10, 15,  30, 45,  60  min  (this  will  take  2  TLC  plates  per  sample) 

•  Add  CD  lysis  buffer  so  the  total  volume  of  buffer  and  sample  is  5 pi  ■ 

•  Add  lOpL  of  [3H]  5FC  (1:20) 

•  At  each  time  point,  add  lOpL  95%  ethanol  to  each  tube  to  stop  the  reaction 

•  Make  up  5FC/5FU  mix: 

62pL  5FC  (13mg/mL)  +  38pL  TE  >1:1  mix  =  4mg/mL  of  each 
16pL  5FU  (50mg/mL)  +  84pL  TE 

•  Add  5pL  5FC/5FU  mix  to  each  sample;  include  a  standard  with  5FC/5FTJ  alone 
(blank)  and  one  with  IOliL  [3H]  5FC  (1:20)  and  5uL  5FC/5FU  (total  counts) 

•  Spot  total  volume  on  plates  (30pL),  dry  plates 

Part  4: 

•  Make  solvent:  butanokwater  300mL  needed  per  tank 

86:14 

•  Run  TLC  plates  until  solvent  reaches  the  top  (this  will  take  at  least  6  hours) 

•  Dry  plates  overnight 

•  Cut  out  5FC  (bottom)  and  5FU  (top)  bands 

•  Put  into  scintillation  vials  with  fluid  (thin  vials  =  4mL,  big  vials  =  10  mL),  let  sit 
at  least  2  hours 

•  Vortex  samples  lmin  and  count  using  program  13  (lmin  count) 
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Plate  gamma  camera  image  of  Ad  infected  cells  with  addition  of  99mTc-P2045 
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Time  (min) 


Conversion  of  5-FC  to  5-FU  in  PC-3  cells  infected  with  Ad 
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Time  (min) 


Cytotoxicity  of  DU145  prostate  cancer  cells  following  Ad  infection 


O 


orbh  ao 

-18- 


5-FC 


v© 

C-> 

U 

S3 

$JD 

s 


fl 

o 

tn 

Is 

•PN 

'■d 

◄ 

W) 

fl 

•p* 


5fi 

a 

o 

•p4 

'M 


© 

© 

1— I 

IT) 

TT 

P 

Q 


5 

y 

uy 

0>  Hi 

w  m 

a>  v 

CJ 


fl 

fl 

w 


£ 

s 

o 

-  a 

w  ^ 

1^5 

» « 
2  ■§ 
S 

in 

Tf 


-19- 


0.01  0.1  1  10  100  1000  10000 

5-FC 


Cytotoxicity  of  PC-3  prostate  cancer  cells  following  Ad  infection 


Cytotoxicity  of  PC-3  prostate  cancer  cells  following  Ad  infection 
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